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High Resistivity Silicon takes on GaAs 
Topsil Semiconductor  Materials 
A/S of Frederikssund, Denmark,  
has a new line of h igh resistivi- 
ty (HiRes) silicon substrates. 
HiRes mono-crystal l ine Si sub- 
strates are grown using a Float 
Zone process, and are available 
for microwave and millimeter- 
wave applications. 
"Topsil customers are currently 
testing the HiRes product,  and 
we have had positive feedback. 
As a result of  the testing, we 
see a ramp-up into product ion 
of  several products.  Most of the 
companies  that we are working 
with are active within wireless 
communicat ion"  says Topsil 
applications engineer, Dr. 
Thomas Clausen. 
HiRes is claimed to have the 
potential  to replace typical RF 
substrates, and enable the flill 
integration of RF MEMs with RF 
ICs. 
These Substrates can be used 
to manufacture several device 
types, including inductors, 
capacitors, transmitter and 
receiver chips, GHz mixers, low 
loss microstr ip transmission 
lines, coplanar waveguides,  RF 
MEMS switches, RF LDMOS, 
BiCMOS devices and millimeter- 
wave attenuators. 
Topsil believes HiRes Si has 
advantages over GaAs for 
several RFIC applications.A 
high thermal  conductivity level 
is important  when designing 
high-power devices, and in this 
respect HiRes Si is super ior  to 
GaAs (see Table) 
With GaN-on-Si HEMTs and SiGe 
HBTs challenging traditional RF 
lateral dfffllsed MOSFETs and 
GaAs HBTs, the RF power  ampli- 
fier market for wireless GHz 
applications i highly competi- 
tive.As operating frequencies are 
driven higher, HiRes substrates 
Float Zone Process 
have the advantage of minimis- 
ing parasitics, and become 
attractive for SiGe HBTs, RF LD 
MOSFETs and GaN HEMTs. 
Semiconductor  p roper ty  (30OK)  
Bulk resistivity 
Intrinsic carrier concentration 
Thermal conductivity 
Dielectric constant 
EPD 
Electron Drift Mobil ity 
Hole Drift Mobil ity 
Carbon content 
EL2 concentration 
Light point defects > 0.3 pm 
Bandgap (300 K) 
Epitaxial system 
Lattice constant 
Schottky barrier height (Typ.) 
Oxide interface traps 
Semi insu la t ing  GaAs  
< 108 ~qcm 
1.79x106 cm 3 
0.37 W/cm-K 
12.93 
< 5000 cm 3 
7000 cm2N-s 
400 cm2N-s 
> 5xi014 cm-3 
1.5xi016 cm-3 
< 100 
Direct 1.42 eV 
GaAs-AIGaAs 
5.658 A 
0.8 eV (n-type) 
<1012 cm -2 (PECVD oxide) 
HiRes s i l i con 
< 105 Dcm 
1.45x101° cm -3 
1.5 W/cm-K 
11.7 
< 100 cm -3 
1500 cm2N-s 
500 cm2N-s 
< 1016 cm -3 
0 
<10 
Indirect 1.14 eV 
SiGe-Si, GaP-GaN 
5.435 A 
0.65 eV (n-type) 
< 1010 cm -2 (thermal oxide) 
High-efficiency silicon LEDs 
"Silicon has been regarded as a 
notoriously poor  emitter of light 
fundamental ly due to its indirect 
band gap," noted Australian PV 
expert, Martin Green at a 
Strasbourg meeting last year. 
However, as an elemental rather 
than a compound semiconduc- 
tor, it has the advantage of fewer 
background efects as well as 
well-developed approaches to 
interface passivation. 
Green and his col leagues argue 
that by minimis ing parasitic 
optical absorption and 
non-radiative bulk and surface 
recombinat ion,  and by enhanc- 
ing the effective optical photon  
generat ion vohime, respectable 
silicon light emission efficien- 
cies are demonstrated.These 
are with in the range of  direct 
gap III-V semiconductors  and 
higher than any at low power  
densities. 
At least some commentators  
believe that microelectronics 
will make a full transition to sil- 
icon on insulator (SOD technol- 
ogy over the coming decade in 
order to meet  increasingly strin- 
gent criteria required to main- 
tain the historically impressive 
rate of this technology 
evolution. 
This may be fortuitous, accord- 
ing to Green, as this also is the 
approacb most  conducive to 
the integration of silicon LEDs. 
Either devices sized to the 
wavelength in silicon or rib 
structures would  be appropri- 
ate.The length of these devices 
would  depend on the direction- 
ality in emission that was 
required for the given applica- 
t ion and waveguides could be 
active with this approach. 
SOI technology seems best suit- 
ed for the development  of  inte- 
grated circuit versions of these 
emitters. Drive current  modula- 
tion is unlikely to be feasible 
due to the slow response, 
a l though an innovative field- 
effect f requency modulator  was 
aired, integrated with the diode 
itself and inherent ly capable of  
similar speeds to the surround- 
ing circuitry. 
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